Resumen.-La diversidad del espacio y la variabilidad de las condiciones ambientales que afectan la calidad del hábitat para los organismos son factores determinantes en la selección de un hábitat ideal. El presente estudio tuvo como objetivo determinar la selección del sustrato del anfípodo caprélido Caprella dilatata, en ambientes naturales al largo de la costa del sur de Brasil y en condiciones de laboratorio. Se contabilizaron 31 sustratos biológicos distintos que albergaban a invertebrados, la mayoría fueron sustratos algales. C. dilatata fue registrada en once de estos sustratos, y resultó ser especie dominante únicamente en algas finamente ramificadas, ascidias, briozoos y en las superficies de las boyas y cuerdas. Los experimentos de laboratorio para selección de sustrato por C. dilatata se realizaron utilizando dos y cuatro especies de algas que tenían contrastante ramificación; Gracilaria cervicornis, Pterocladia capillacea, Sargassum cymosum y Ulva fasciata. En el primer experimento, caprélidos fueron trasladados a tres acuarios que contenían combinaciones variadas de dos sustratos de algas con un total de nueve combinaciones. Para el segundo experimento (cuatro algas), todas las especies de algas se combinaron en cada acuario. Los anfípodos obtenidos para experimentos en laboratorio mostraron el color del dermatoesqueleto siempre muy similar al color de las algas. Hubo una fuerte preferencia de caprélidos por el sustrato original. A pesar de la morfología cosmopolita de C. dilatata para la selección del sustrato, los individuos se encuentraron principalmente en sustratos estructuralmente complejos, y demostraron la importancia del camuflaje en estos caprélidos.
INTRODUCTION
The selection of an ideal habitat is a complex process for organisms due to the diversity of space and the variability of environmental conditions that affect habitat quality, including amount and quality of food resources, predation and competition pressures, and local climate conditions (Gustafsson 1987 , Robinson et al. 1995 , Sinervo & Denardo 1996 , Martin 2001 , Shima & Osenberg 2003 . Morris (2003) defines this selection as the preference for a non-random group of available habitats used by individuals. Rosenzweig (1981) considers this to be one of the main relationships allowing for the coexistence of species.
Evaluation of the effects of habitat modification on an individual can be applied to the population level as the knowledge of patterns and intensities of resource selection by individuals in heterogeneous environments is fundamental to understanding animal selective behavior (Rosenberg & Mckelvey 1999) . Biotopes with varied degrees of differentiation have been compared in populations of birds and other terrestrial vertebrates (Borges & Araújo 1998 , Barbosa et al. 2008 ; however, the utilization of abundant and small invertebrate animals living in intertidal areas is usually more viable because they primarily live in easily accessible biotopes, making it possible to take larger and more significant samples for laboratory experiments (Fenchel 1975 , Fenchel & Kofoed 1976 .
Caprellid amphipods are usually found in biological substrates as dwellers on algae, sponges, hydroids, and bryozoans. Some species show close dependence to certain substrates that provide several benefits such as safety against predators and water movement (Keith 1971) . While some caprellid species do not seem to prefer a specific substrate, colonizing a great variety of substrates (Guerra-García 2001 , Thiel et al. 2003 , other species are exclusively associated with a certain substrate or group of substrates and exhibit morphological adaptations to their habitat (McCain 1968 , Caine 1978 . For example, Takeuchi & Hirano (1995) observed that caprellid species inhabiting algae with elongate or filamentous thallii have characteristics in common; the resting position of the body with the long axes nearly parallel to the substrate, the basis of gnathopod 2 is shorter than half the length of pereonite 2 and the gills are basally bent forward. Another adaptational feature of some caprellids is the capacity to change the exoskeleton color according to the substrate they are sheltering in. Experiments conducted with Caprella californica by Keith (1971) proved that this caprellid slightly changed its body color closer to the substrate color in about five hours, although the adaptation does not appear to be complete until after ecdysis.
Additional research has shown that the composition and density of caprellids are influenced by structural elements of the algal substrate (phytal), such as ramification degree and thallii consistence (Masunari 1982 , Dutra 1988 , Dubiaski-Silva & Masunari 1995 , Leite & Turra 2003 , Leite et al. 2007 ). These features regarding microhabitat occupation between caprellids species may increase interspecific competition (Aoki 1999) . In this context, Shucksmith et al. (2009) showed that invasive species can displace native species with similar habits when the resource space is limited.
Caprella dilatata Krøyer, 1843 is a caprellid amphipod characterized by a robust body bearing well-developed lateral projections in the pereonites 3 and 4. This species is distributed throughout the Atlantic Ocean and along the Mediterranean coast (Masunari & Takeuchi 2006) . In Brazil, this species was recorded from the phytal of Sargassum cymosum C. Agardh (Jacobucci et al. 2002) and it was associated with biological substrates such as bivalve shells, bryozoans, sponges or on the surfaces of ropes and buoys in mussel-farming operations (Masunari & Takeuchi 2006) . The present study aims to understand the substrate selectivity of the caprellid C. dilatata in the laboratory and in natural environments along the coast of the Brazilian states of Paraná and Santa Catarina.
MATERIALS AND METHODS

SUBSTRATE SELECTION IN NATURE
Caprellids were obtained from samples of biological and artificial substrates (Table 1) collected from coastal areas of the Brazilian states Paraná and Santa Catarina (25-28°S; 48-49°W). Most samples were deposited at the Laboratory for Ecology of Crustacea, Laboratory for Cnidaria Studies, Laboratory for Ecology and Systematics of Ascidiacea, and Laboratory for Benthos, all belonging to the Federal University of Paraná and the Museum of Natural History of Capão da Imbuia. In sublittoral localities, samples were obtained with autonomous dives at depths that varied from 1.5 to 11.0 m. All biological substrates were scraped from the rocky surface with a metallic spatula, wrapped in plastic bags, and transported to the laboratory in an icebox for subsequent preservation in 70% alcohol.
The samples were sorted under a stereoscope, and the Vol. 46, Nº2, 2011 Revista de Biología Marina y Oceanografía caprellids were separated and identified following specialized bibliography: McCain (1968) , Krapp-Schickel (1993) , Serejo (1998), Masunari & Takeuchi (2006) . Then, Caprellid abundance in the different substrates (biological or artificial) was calculated as the relative frequency of C. dilatata in relation to total caprellids from each substrate due to the diversified size of the samples.
EXPERIMENTS ON SUBSTRATE SELECTION
The phytals of Gracilaria cervicornis (Turner) J. Agardh, Pterocladia capillacea (Gmelin) Bornet & Thuret, Sargassum cymosum C. Agardh, and Ulva fasciata Delile were chosen due to the contrasting ramification degrees of these algal substrates. Gracilaria, Pterocladia and Sargassum were branched algae and they had threedimensional growth, whereas Ulva looked like a long ribbon with a two-dimensional form.
Additionally, the first three phytals are known to shelter dense populations of Caprella dilatata, whereas Ulva does not. Samples of these phytals were collected from the rocky shore of Caiobá Beach, Matinhos, state of Paraná, in August and September 2009. They were wrapped in a plastic bag, their holdfasts were scraped from the rocky surface, and they were packed with a small amount of seawater and transported to the laboratory in an icebox.
In the laboratory, the four-algal substrates with associated fauna, including caprellids, were maintained separately in aquaria filled with seawater brought from the collection site for acclimatization. This was performed at room temperature (about 21 o C) during a 24-hour period. Subsequently, all animals were extracted with tweezers from the algal substrates, and caprellids were transferred to another aquarium containing seawater and a few thallii of the algal substrate in which they were originally found. The remaining associated fauna was discarded to avoid the eventual interference of other factors such as predation and competition during experimentation. The algal substrates, free of associated fauna, were kept separately according to species in maintenance aquaria.
The individuals of C. dilatata selected for the experiments were composed exclusively of adults without sexual discrimination. Juveniles were excluded because they are difficult to observe without the aid of optical equipment. Food was only available in the maintenance tanks and it was not offered during the experiments.
The architecture of each algal substrate was characterized by taking measurements of the following morphometrical parameters: the width of the main and secondary axes and, whenever possible, the distance among the ramifications. For each algal substrate, 30 measures of each parameter were taken, and mean values were calculated and compared through analysis of variance (ANOVA) with a Tukey post hoc test.
EXPERIMENTS IN AQUARIA CONTAINING TWO SPECIES OF ALGAL SUBSTRATE
Three sets of three glass aquaria (20 x 20 x 20 cm), totaling nine combinations, of two-algal substrates were used. In each set (i.e., each treatment), caprellids from a phytal (e.g., Gracilaria) were transferred to three aquaria containing varied combinations of two algal substrates (see Table 1 for remaining combinations). They were picked up with a delicate brush and released at the water surface in the halfway point from aquarium walls. All algal substrates free of associated fauna had the same biomass (humid weight = 7 g). They were previously anchored in a perforated plastic plate, and each pair of algae was placed in the aquarium on opposite sides. The water of the aquaria was aerated with a weak pump aerator.
The number of released caprellids per aquarium depended on their availability: 15 individuals from Gracilaria and Sargassum (treatments 1 and 3) and 20 individuals from Pterocladia (treatment 2). No caprellid was reused in the experiments. Table 1 . Experimental drawing of the combinations of algal substrate in three treatments with 5 replicates each / Diseño experimental de las combinaciones de sustrato de algas en tres tratamientos con 5 repeticiones cada uno The observations were performed over a 24 h period, during which caprellids that were sheltering among thallii of the algal substrate were counted at intervals of 6 h, 12 h and 24 h. Five replicates were carried out for each aquarium for a total of 45 counts. During these counts, a glass plate was inserted into the middle of the aquarium to separate the areas corresponding to each algal substrate, avoiding eventual count errors caused by water movement or the displacement of caprellids from one area to another. After the end of each experiment for each replicate, the algal substrate was returned to the maintenance aquarium, the experimental aquaria were cleaned, and the water was discarded.
ANOVA was applied to detect significant differences in the numbers of caprellids that had selected the algal substrate with a Tukey post hoc test, using a significance level of 0.05.
EXPERIMENTS IN AQUARIA CONTAINING FOUR SPECIES OF ALGAL SUBSTRATES
Aquaria of the same size from previous experiments were used, in which the four-algal substrates (Gracilaria, Pterocladia, Sargassum and Ulva) were placed simultaneously, one in each corner. These algae, free from associated fauna, weighed 7 g and were previously anchored to a perforated plastic plate. The water of the aquarium was aerated with a weak pump aerator. Twenty caprellids coming from Pterocladia phytal and ten from Sargassum phytal were utilized in this experiment, and five replicates were performed for each treatment. No caprellids coming from Gracilaria phytal were used because this alga produced an exudation that killed most of them. During the counting of caprellids, the algal substrate was carefully separated to avoid interference caused by water movement or the displacement of caprellids from one substrate to another. All results were represented as percentage in order to compensate the diverse number of caprellids utilized in the experiments.
RESULTS
SUBSTRATE SELECTION IN NATURE
A total of 34 substrates were analyzed, of which 31 were biological (19 phytals, ten animal colonies, the shell surface of bivalve and a sessile community over a metallic plate), two were artificial (ropes and buoys in marine farms) and one was non-consolidate (sediment)
Caprella dilatata was recorded in 11 substrates of diversified origin. It was a dominant species on the phytals of Pterosiphonia (97.9% of the total caprellids epifauna), Pterocladia capillacea (82.3%) and, on colonies of the ascidians Styela plicata (100%) and Didemnum perlucidum (87.3%), a branched colony of the bryozoan Bugula neritina (83.1%), and buoys (90.0%) and ropes (70.1%) utilized in mussel-farming operations (Table 2) .
EXPERIMENTS ON SUBSTRATE SELECTION
Caprellids obtained from phytals showed different sizes and an exoskeleton color closely resembling the algal substrate over which they were living. The individuals found on Pterocladia had a garnet color (redish), those on Sargassum were brown, and those on Gracilaria were a brown color (dark yellow). Furthermore, caprellids coming from Sargassum were larger and more robust than the others.
Each algal substrate showed characteristic morphometric measurements (Table 3) ; however, the average diameter of the main axes did not differ significantly among branched algal substrates (range of variation from 1.10 to 1.49 mm). Only Ulva differed from the others (F (3, 116) = 197.6; P < 0.001) by presenting a flat axis with a 9.42 mm average width. On the other hand, the secondary axes differed significantly among branched algae, with Sargassum possessing the largest diameter (3.46 mm), followed by Gracilaria (1.08 mm), and Pterocladia (0.43 mm) (F (2, 87) = 102.0; P < 0.001). Furthermore, Pterocladia exhibited the highest degree of ramification due to its small distance between branches (0.76 mm, P < 0.05), followed by Gracilaria (2.74 mm) and Sargassum (3.49 mm) ( Table 3) .
EXPERIMENTS IN AQUARIA CONTAINING TWO SPECIES OF ALGAL SUBSTRATES
The preference of caprellids for their respective original algal substrate was always statistically significant (Table  4 , Figs. 1-3 ). In the Gracilaria treatment (aquaria with released caprellids coming from Gracilaria phytal), averages from 6.6 ± 2.0 to 11.8 ± 0.8 caprellids were recorded sheltering in Gracilaria, 1.6 ± 0.5 to 3.0 ± 0.7 in Pterocladia, 3.0 ± 2.5 to 4.6 ± 1.5 in Sargassum and 1.2 ± 0.8 to 2.4 ± 1.8 in Ulva (from a total of 15 initial caprellids) (Fig. 1) . In the Pterocladia treatment, from 11.6 ± 3.1 to 14.8 ± 4.5 caprellids chose Pterocladia, 3.6 ± 4.4 to 5.0 ± 4.7 Gracilaria, 4.0 ± 1.0 to 4.8 ± 2.2 Sargassum and 3.0 ± 2.0 to 4.4 ± 1.1 Ulva (from a total of 20 initial caprellids) (Fig. 2) . In the Sargassum treatment, from 6.6 ± 2.7 to 8.2 ± 3.5 caprellids preferred Sargassum, 4.6 ± 2.3 to 6.4 ± 2.3 Gracilaria, 4.8 ± 1.5 to 6.2 ± 1.3 Pterocladia and 3.6 ± 1.5 to 5.0 ± 2.3 Ulva (from a total of 15 initial caprellids) (Fig.  3) . The absolute total number of deaths that occurred during 24 hour-experiments varied from 1 to 11 in Gracilaria treatment and from 1 to 5 in Pterocladia and Sargassum treatments. Dead animals were always found on the bottom or in the wall of the aquarium, out of the vegetated area. During the experiments, the migration of caprellids from an algal substrate to another was often observed. It was verified that between 12 h and 24 h of observation, the mortality number of the caprellids increased. In the Gracilaria treatment, more caprellids died than in others, with an average of 2.8 animals dying during this experiment, whereas in the Pterocladia treatment, this value fell to 1.2, and in Sargassum, it fell to 0.9.
EXPERIMENTS IN AQUARIA CONTAINING FOUR SPECIES OF ALGAL SUBSTRATES
In the Pterocladia treatment, caprellids showed a preference for Pterocladia, followed by Sargassum and Gracilaria. Caprellids showed a weak preference for Ulva and non-vegetated bottoms (Fig. 4A) .
In contrast, in the Sargassum treatment, no significant differences (Fig. 4B) were observed between the number of caprellids that colonized this alga and that of Pterocladia. Caprellids showed a weak preference for the remaining algal substrates and the non-vegetated bottoms (Fig. 4B) .
During 24-hour experiments, there was a dynamic variation in the number of caprellids in the algal substrates, likely due to their migrations from one substrate to another. However, the total number of caprellids decreased significantly during this period as a consequence of higher mortality rates. In both treatments, the number of dead caprellids increased drastically after 24 h.
DISCUSSION
Caprella dilatata was only recorded in about 32% of a total of 34 analyzed substrates. This restricted occurrence (four of 19 analyzed phytals, four of ten animal colonies and three of five artificial substrates) in some substrates questions the general assumption that this species has a cosmopolitan character for substrate selection due to the presence of grasping spines on pereopods 5-7 and 6-segmented pereopod 5 is usually inserted posteriorly on pereonite 5 (Caine 1978) .
Although recorded from varied substrates (Jacobucci et al. 2002 , Masunari & Takeuchi 2006 and among 11 analyzed substrates in the present study, individuals of C. dilatata were recorded only from finely branched and softly surfaced algae, such as Pterosiphonia and Pterocladia and, in a lower frequency, Gracilaria and Sargassum. However, the rigid surfaced bryozoan Bugula neritina harbored the third most abundant population of Table 1 . Different letters indicate significant differences (Tukey's post hoc tests, P < 0.05) / Tratamiento de Sargassum (n inicial = 15). Porcentaje medio de caprélidos en tres observaciones (6, 12 y 24 h) en cada sustrato de algas, según combinaciones de pares de algas por acuario mostrados en Tabla 1. Letras distintas indican diferencias significativas (Tukey post hoc, P < 0,05)
Vol. 46, Nº2, 2011 Revista de Biología Marina y Oceanografía C. dilatata. These caprellids were certainly attracted by a potential food resource in the bryozoan zoocites (Mayer 1882) , similar to gorgonians (Scinto et al. 2008) . In contrast, the strongly colonized man-made structures can be explained by a dense growth of pioneer algae on the surface of buoys and by a suitable rugosity of ropes for the secure anchorage of these caprellids.
The experiments showed that the alga Ulva seems to be the least attractive alga-substrate for C. dilatata, as already reported by Keith (1971) for C. californica and C. equilibra. This is attributed to the wideness and flexibility of its thallii that can hinder the prehension of the caprellids. Consequently, macroalgae with simple thallii tend to shelter less-abundant invertebrates with a lower diversity than those with complex architecture (Gunnill 1982 , Gee & Warwick 1994 .
Additionally, the strong preference of C. dilatata for its original algal substrate in the present study points out the importance of camouflage for these animals, as they always exhibited body color very similar to that of the substrate. This observation is in accordance to Keith's (1971) experiments with C. californica Stimpson, 1857, and the substrates Bugula neritina (Linnaeus, 1758), Polysiphonia pacifica Hollenberg, and Ulva lobata (Kützing) Harvey. Despite certain influences from the original substrate, this caprellid chose the bryozoan B. neritina in all treatments. The author attributed this result to the similarities in morphology and color between the caprellids and the bryozoan, pointing out that the need for camouflage surpassed that of substrate fidelity.
Although no bryozoan was included in the present experiments, it can be inferred that C. dilatata possesses the ability to maintain the color of its exoskeleton over a short period of time according to its needs. After colonizing a specific alga, these caprellids seem to develop a color as close as possible to the present substrate. In this context, the development of techniques involving longterm experiments are highly desirable to ascertain whether color changing is possible if the caprellids are moved to another alga with a different color than the original. In the present study, caprellid death rates increased significantly after 24 h of experimental handling.
The above hypothesis regarding caprellid color plasticity is based on the observation of Caine (1978) , who reported that individuals of C. penantis and C. equilibra, when associated with bryozoan and gorgonians, exhibited intraspecific morphological variation, including a reduction in the number of setae Letras distintas indican diferencias significativas según Tukey post hoc (P < 0,05) and in the size and number of grasping spines of the pereopods for the first species and a reduction in the length of the ventral spine inserted between gnathopods for the second species. These variations, according to the author, can be decisive in association success with the substrate.
The experiments with four-algal substrates in each aquarium showed that Pterocladia is the favorite substrate of caprellids coming from this phytal; however, surprisingly, those living on Sargassum showed equal preference for these two algae. Certainly, in the presence of Gracilaria and Ulva, the behavior in selecting substrates of the caprellids coming from Sargassum (that are larger and more robust) exhibited alteration. In the experiment with two-algal substrates, these animals showed differing preference to the original substrate (Fig.  3 , aquarium 2), indicating that variables other than the necessity of camouflage are influencing this process.
The morphometry of the axes of algal substrate treated in the present study showed that the average width or diameter of the main axis of Pterocladia (1.14 mm) was very close to Sargassum's (1.10 mm), which can explain the similarity in the number of caprellids that chose these two-algal substrates. Despite the fact that Gracilaria's width or diameter (1.49 mm) was not significantly different from the two algae above, it seemed to be inadequate for bearers of minuscule prehensile pereopods because it was weakly colonized by caprellids. This supposition is based on Caine's (1978) observation that caprellid species living on algae and hydroids require substrates highly ramified with small diameters in most branches to allow caprellid pereopods to encircle them in such a way that the propodus palm and grasping spines have broad contact with the branch surface. However, the secondary axes of Gracilaria with a width of 1.08 mm would be an appropriate alternative for the prehension of the caprellids, but this has not been observed.
In addition to the architecture and color of the algal substrate, biological variables such as exudation should be taken in account. Various species of algae have developed structural, morphological or chemical defenses against herbivores that can significantly reduce the susceptibility to strong damage (Duffy & Hay 1990 , Hay 1996 . Defensive characteristics can vary considerably according to algal tissues, and this variation has a strong influence on a herbivore's preference for special parts of the plant (Van Alstyne 1988 , Cronin & Hay 1996 . Moreover, some algae are more palatable for amphipod predators than others, inducing them to form an uneven distribution (Holmlund et al. 1990 ). Based on this data, and the visible production of gelatinous liquid by Gracilaria after two days from its removal, supports that the highest mortality of caprellids recorded in the aquaria containing Gracilaria might have been a consequence of the production of noxious substances by this algal, as a consequence of stress during its removal from the natural rocky substrate.
The difference in the number of caprellids that selected substrates was low between counting intervals (6, 12 and 24 h) in most treatments, and significant differences were only recorded in the Gracilaria treatment, reinforcing the idea that this alga exuded harmful substances. The non-vegetated spaces were densely occupied only in the first six hours, and the number of caprellids was reduced gradually within that period of time. This fact allows inference that this period (six hours) is long enough for the selection and colonization of substrates by these animals.
Due to the significant mortality of the caprellids after 24 h of observation, it is likely that the experiments would have been unsuccessful had they been carried out for longer than 24 h. This low longevity was already reported in a study by Meadows (1964) with amphipods in the genus Corophium in which he determined the experimental period of three hours for each replicate of each treatment. In another study with caprellids, the observation period was 48 h (Keith 1971) .
Despite the cosmopolitan nature of C. dilatata for substrate selection, according to morphological characteristics proposed by Caine (1978) , the species was only found in 30% of substrates, and most of them were structurally complex. The strong preference of this species for original alga-substrate in the present study highlights the importance of camouflage by keeping similar coloration to the substrate. Besides the compatibility of substrate characteristics such as architecture and color, factors such as the rate of exudation from the algalsubstrate could be influencing the substrate selection behavior of this caprellid.
